(12) 
(19) 


PATENT 

AUSTRAUAN PATENT OFRCE 


(1 1) Application No. AU 199633767 B2 
(10) Patent No. 702847 


(54) 


Title 

A composite beam 




(51)^ 


international Patent Classif lcation(s) 
E04C 003/294 E04B 005/40 




(21) 


Application No: 199533767 


(22) Application Date: 1996.09.01 


(87) 


WIPONo: WO96/06994 




(30) 


Priority Data 




(31) 


Numljer (32) Date 
PM7806 1994.09.01 


AU 


(43) 
(43) 
(44) 


Publication Date : i99o.u3.zz 
Publication Journal Date: 1996.05.09 
Accepted Journal Date : 1999.03.04 




(71) 


Applicant(s) 

BHP Steel (RP) Pty. Ltd. 




(72) 


Inventor(s) 

Mark Patrick; Pedum Hewa Dayawansa 


(74) 


GRIFRThTCk,GPO box 1285K.MELBOURNE VIC 3001 


(56) 


Related Art 
US 3496691 
US 3177619 
US 3394614 





OPI DATE 22/03/96 APPLN. ID 
AWP DATE 09/05/96 PCT NUMBER PCT/AU95/00567 



s ■iiiHiin 



M>9S33767 



"(51) Imeraatlouil Patent Ctessfttcation ^ : 


Al 


(11) Inteniatlooal Pubtteatioii Number: 


WO9<»/06994 


E04C a/2H E04B 5/40 


(43) Internatkmal Publication Date: 


7 March 1996 (07.03.96) 



(21) International Application Number: PCr/AU95/00567 

(22) IntematloDal FOing Date; 1 September 1995 (01^.95) 



(30) Priority Data: 
PM 7806 



1 September 1994 (01 .09.94) AU 



m) Applicant (far all desigmud States except US)l BHP Sim 
(RP) PTV. LTD. [AU/AUl; Level 43, BHP Tower, 600 
Boinke Stieet. Melbourne, VIC 3000 (AU). 

(72) InTentors; and 

(7© Inventors/AppMcants (Jbr VS only): PATRICK, Mark 
fAU/AU]; 6 Doowi Court, Oieensborougb, VIC 3088 (AU). 
DAYAWANSA, Pedum. Hewa DLK/AUJ; 46 Chancellor 
Drive, Mulgrave, VIC 3170 (AU). 

(74) AsenU GRIFFITH HACK A COa 509 St Kilda Road, 
Melboume. VIC 3004 (AU). 



(81) Destenated Slata: AM. AT, AU, BB, BO, BR, BY. CA. CH. 
OsTcZ. DE, DK, EE, ES. FI, OB, OE, HU. IS, JP, KE. 
KO. KP. KR. KZ, LK, LR, LT. LU. LV. MD. MO. MK, 
MN. MW, MX, NO, NZ. PL. PT. RO, RU. SD, SB, SO. SI, 
SK. TJ, TM. TT, UA, UO, US. UZ. VN. European patent 
(AT, BE, CH, DR DK. ES. FR, OB. OR. IE, IT. LU. MC. 
NL, PT. SB), OAPI patent (BF. BJ, CT. CO. CT, CM. GA. 
ON, ML, MR, NB, SN. TD, TO). ARIPO patent (KB, MW, 
SD, SZ, UO). 



Publiflbed 

With intemati(mal search report. 



(54) Tifle: A COMPOSITE BEAM 




13 H t3 



(S7) Absliraet 

A composite beam (3) for the bufldlng Industry U disclosed. TTic composite beam (3) comprises: a horliontally extendi^ W. 
a composite slab formed from profiled sheeting (7) and concrete cast on die sheeting (7); a plurality of «teodtog 
daou^Tdie shecdng (7) and welded to ihc top flange (9) of the beam (5); and a reinforcing component (19) in the concrete slab for 
preventing piemanue longlnidinal shear failure of the composite beam (3). 
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present invention relates to composite beams 
for the building industry. 

Ibe term "oomposite beam** is tuiderstood herein to 
5 mean a beam, preferably formed from steel, and a solid or 
composite slab interconnected by shear connection to act 
together to resist action effects as a single structural 
member. 

The term "shear connection" is understood herein 
10 to mean an interconnection between a beam and a solid or 
composite slab of a ooioposite beam which enables the two 
components to act together as a single structural mem ber. 

In conventional composite beamis, typically^ the 
shear connection comprises shear connectors r slab concrete, 
15 and transverse reinforcement* 

The term "shear connector" is understood herein 
to mean a mechanical device attached to the top flange of a 
steel beam which forms part of the shear connection. 

In particular, the present invention relates to 
20 conqposite beams of the type comprising; 

(a) a horizontal beam (typically steel) 
supported at each end; 

(b) a composite slab positioned on and 
supported by the steel beam and comprising: 



25 



(i) profiled metal (typically steel) 
sheeting. 
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(li) oonorete cast on the sheet izig, and 



(lii) relnforoeinent einbedded in the 
oonorete; and 

(o) a plurality o£ shear connectors, typically 
in the form o£ headed studs, exnbedded in 
the concrete and extending through the 
sheeting and welded to the top fleuage of 
the beam thereby to connect the composite 
slab to the beam. 

The present invention is concerned particularly 
with reixxforcing the type of composite beams described 
above so that the composite beams have sufficient 
longitudinal shear capacity for the longitudinal forces 
arising from compressive stresses that develop across its 
width and within its depth to be transferred to the shear 
connectors and thereby to prevent premature longitudinal 
shear failure of the composite beaiu. 

The conventional reinforcement for preventing 
longitudinal shew failure in the type of composite beams 
described above comprises deformed reinforcing bars or 
welded wire fabric embedded in a horizontal position in the 
concrete of the composite slab* The reinforcement is 
arranged to extend transversely to the longitudinal axis of 
the composite beam and therefore crosses potential 
longitudinal shear surfaces and by this mechanism is 
thought to contribute to the longitudinal shear capacity of 
the composite slab. 

However, in research carried out by the applicant 
on the type of composite beams described above it was found 
that the composite beams tested, which included such 
conventional horisontal reinforcement, failed prematurely 
by longitudinal shear failure by a mechanism of horisontal 
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splitting along the line of shear oosnectors in tto© 
oonposite slab* 

Vbe research was oarried out on composite beams 
formed from profiled steel sheeting comprising open steel 
5 ribs separated by pans. Vbe profiled steel sheeting was 
positioned so that the steel ribs extended transversely to 
the longitudinal axis of each steel beam. An edge of the 
conq^osite slab of each composite beam was positioned to run 
parallel to the top flange of a steel beam, as occurs for 
10 perimeter beams* As indicated above, the composite beams 
also comprised conventional horizontal reinforcement with 
bars laid transversely to the longitudinal axis of each of 
the steel beams. The composite beams were loaded by 
applying a downward force. 

15 It was found that horizontal splits formed in the 

concrete between the tops of the steel ribs of the profiled 
steel sheet ixig that were adjacent to the pans in which the 
shear connectors were positioned. ' Part of the compressive 
force in the concrete slab arising from the f lexural action 

20 of the composite beam was directed across the horizontal 
plane through the tops of the steel ribs wherever shear 
cozmectors occurred. Therefore, at these locations the 
steel ribs presented a source of wealmess to the composite 
beam. However, at pans without shear connectors, no shear 

25 force was transmitted across the horizontal plane through 
the tops of the steel ribs and the splits did not form. 

It was also found that the horizontal splits 
locally avoided the shear connectors by passing over the 
tops of the shear connectors. 

30 It was also found that longitudinal slip between 

a concrete slab and a steel beam of the order of only 1mm 
was necessary before the shear connection failed suddenly, 
which was entirely unsatisfactory since such failures are 
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dl££ioult to design against, and also the shear capacity of 
the shear connectors is slgnif Iccmtly underufcilised. 

In addition, it was found that the conventional 
horizontal reinforcement r which was thought should prevent 
5 premature longitudinal shear failure, appeared to assist in 
initiating the horisontal splits and therefore was also 
entirely unsatisfactory on this basis. 

An object of the present invention is to provide 
a conposlte beam with isq^roved resistance to longitudinal 
10 shear failure of the type described in the preceding 
paragraphs. 

According to the present invention there is 
provided a composite beam coniprlsings 

(a) a beam; 

(b) a composite slab positioned on the beam, 
the coniposite Blab comprising t 

profiled sheeting having a plurality 
of pans separated by ribs, the 
profiled sheeting being i>08ltloned 
so that the ribs extend transversely 
to the longitudinal axis of the 
beam; 

(ii) concrete cast on the profiled 
sheeting; 

(c) a plurality of shear connectors which 
connect the composite slab to the beam; and 

(d) a reinforcing component embedded in the 
concrete slab, the reinforcing con^onent 



(1) 
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having a rein£oroixig element that extends 
through an imaginary horizontal plane that 
passes through the tops of the ribs of the 
profiled sheeting to prevent premature 



5 



longitudinal shear failure of the composite 
beam. 



The applicant has found that the reinforcing 
component described in sub-paragraph (d) above improves 
dramatically the transfer of horizontal force between the 
10 composite slab and the beam of the composite beam. 



possible to avoid premature longitudinal shear failure of 
the structural composite beam at loads below the load at 
which the shear connectors have achieved full potential 
15 strength. 

In addition, as a consequence, the present 
invention makes it possible to use significantly fewer 
shear connectors than would otherwise be required. 



As a consequence, the present invention medces it 



It is preferred that the beam be a steel beam. 



20 



It is preferred that the profiled sheeting be 
profiled steel sheeting. 



It is preferred that the beam be supported at 



each end. 



In one embodiment, it is preferred that the beam 



25 



be an internal beam. 



In another embodiment, it is preferred that the 
beam be a perimeter beam. 



It is preferred that the composite slab further 
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oonprlses reinforcement such as welded wire fabric embedded 
in the concrete of the composite slab* 

It is preferred that the shear connectors be 
headed studs « The shear ooxmeotors may be of any other 
5 suitable form such as structural bolts or channels. 

In one arrangement it is preferred that the 
reinforcing cosoponent comprise welded wire fabric having a 
series of folds with peaks straddling the ribs and troughs 
contacting the pans* 

10 Vfith such an arrangement, the reinforcing element 

comprises the sections of the longitudinal wires or the 
cross-wires of the welded wire fabric that extend between 
the peaks and the troughs. 

In an alternative arrangement, it is preferred 
15 that the reinforcing component be a cage which at least 

partially encloses one or a group of the shear connectors 
in a pan. 

With such an arrangement, the reinforcing element 
conprises the upright sections of the cage. 

^0 In one enftKidiment, it is preferred that the cage 

be formed from deformed reinforcing bars. 

In another eiidK>diment, it is preferred that the 
oage be formed from welded wire fabric. 

The present invention is described further by way 
25 of exainple with reference to the accompanying drawings in 
which: 

Figure 1 is a perspective view vAloh illustrates, 
in simplified form, a preferred end>odiment of a ooi90site 
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beam In aooordanoe witb the present invention; 

Figure 2 is an elevation of the ooaposite beam 
shovm in Figure 1 in the direction of the arrow A in Figure 
1; 

5 Figure 3 is a perspective view of the reinforcing 

coioponent of the preferred embodiment of the composite beam 
in accordance with the present invention that is shown in 
Figures 1 and 2$ 

Figure 4 is a perspective view of the 
XO reinforcement coaponent of another preferred embodiment of 
a composite beam in accordance with the present invention; 

Figure 5 is a perspective view of the reinforcing 
component of cmother preferred embodiment of a conposite 
beam in accordance with the present invention; 

15 Figure 6 is a perspective view which illustrates, 

in slaplif led form, another preferred embodiment of a 
coaqposite beam in accordance with the present invention; 
and 

Figure 7 is a perspective view of the reinforcing 
20 component of the preferred embodiment of the coaoposlte beam 
in accordance with the present invention that is shown in 
Figure 6, 

Vhe preferred embodiment of the conposite beam 3 
in accordance with the present invention that is shown in 
25 Figures 1 to 3 is in a simplified form to illustrate the 
composite beam 3 more dearly. 

With reference to the figures, the coiiv>osite beam 
3 conprises; 
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(a) a horizontally extending hot-rolled or 
fabricated steel beam 5 which is supported 
at each end; 

(b) a oonposlte slab comprising: 

5 (i) profiled steel sheeting 7 in contaot 

with the top flange 9 of the steel 
beam 5, the sheeting 7 comprising a 
plurality of parallel steel ribs 11 
separated by pans 13 and positioned 
10 so that the ribs 11 extend in a 

direction that is transverse to the 
longitudinal axis of the beam 5; and 

(11) concrete (not shown) ceuit on the 
sheeting 7; 

IS (o) a plurality of shear connectors 15 in the 

form of headed studs ^ich extend through 
the sheeting 7 and are welded to the top 
flange 9 of the beam 5i and 

(d) a reinforcing coaponent 19 in the concrete 
20 slab for preventing premature longitudinal 

shear failure of the composite beam 3 • 

The beam 5 cmd the coiaposite slab may be of any 
suitable dimensions and construction, Typically, the 
composite slab has a thickness of at least 120mm, Zn 
25 addition, whilst the sheeting 7 shown in Figures 1 and 2 
has a dovetail profile, the sheeting 7 may be trapesoidal 
of any other suitable shape. 



30 



The reinforcing component 19 is formed by bending 
the longitudinal wires 41 of a piece of welded wire fabric 
to form, as can best be seen in Figure 2, a series of 
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folds. 

In tbe preferred embodiment ahomi In Figures 1 to 
3, tbe reinforcing oon(ponent 19 is positioned so tbat tbe 
longitudinal wires 41 extend transversely to the ribs 11 
5 with peaks 43 straddling the ribs 11 and troughs 45 
contacting the pans 13 of the sheeting 7. With this 
arrangement, the cross -wires 47 of the welded wire fabric 
extend parallel to the ribs 11 of the sheeting 7. 

The welded wire fabric may be of any suit€dt>le 
10 dimensions and construction. Typically, the welded wire 

fabric is formed from deformed wire having a diameter of 6 
- Sfflm with a spacing of 150mm between the 4 longitudinal 
wires 41 of the welded wire fabric « thus making 450fflm the 
no min al overall width of the reinforcing component 19 • 
15 Typically, 600 - 1800mm is the nominal overall length of 
the reixiforoing component 19. 

When a structural composite beam 3 of the basic 
type shown in the Figures 1 to 3 is loaded, longitudinal 
slip is induced between the composite slab and the steel 
20 beam 5 which is resisted by the shear connection between 
these components • 

In a conventional structural composite beam 
(without the reinforcing component 19) the shear connection 
comprises: 

2S (a) the shear connectors 15; 

(b) concrete cast in a slab; and 

(c) conventional horizontal reinforcement in 
the vicinity of the shear connectors 15. 

The shear connection also comprises the sheeting 
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7 if the sheeting is attached by some means to the steel 
beam 5, Cor example by puddle welds. 

However, in aooordanoe with the present 
indention, the shear connection also comprises the 
5 reinforcing component 19 as shown by way of example in 
Figures 1 to 3. 

The reinforcing component 19 is designed to 
specifically prevent premature longitudinal shear failure 
and, in particular, premature longitudinal shear failure 
10 caused by a mechanism of splitting of the composite slab in 
a horizontal plane across the tops of the steel ribs 11, as 
well as by other mechanisms. 

In general terms, the reinforcing cosq;>onent 19 Is 
designed to inprove the transfer of horizontal forces 
.15 between the composite slab and the steel beam 5, Xn 

research work carried out by the applicant the reinforcing 
component 19 shown in Figures 1 to' 3 has been found to be 
effective in achieving this objective. 

Figures 4 and 5 Illustrate two alternative 
20 constructions of the reinforcing component 19. ThesB forms 
of the reinforcing component 19 are similar to that shown 
in Figures 1 to 3. Specifically, the reinforcing 
components 19 are formed hy bending the longitudinal wires 
41 of welded wire fabric* However, unlike the reinforcing 
25 component 19 shown in Figures 1 to 3, the spacing of the 

cross -wires 47 of the embodiments shown in Figures 4 and 5 
is not xmifozm. Zn addition, in the case of the 
reinforcing component 19 shown in Figure 5, the troughs 45 
are flat rather than curved* 
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With reference to Figures 6 and 7, another 
preferred embodiment of the reinforcing coiiponent 19 
comprises a "cage* formed from deformed reinforcing bars 
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wtilch l8 designed to enclose a group o£ shear connectors 15 
in a pan 11. 

The cage comprises two loops 51 of deformed wire 
\diidh are bent into a U-shaped configuration and are 
5 interconnected by parallel deformed reinforcing bars 53. 
The loops 51 are formed so that the lower sections of the 
loops 51 can be located in the region of the junction of 
the ribs 11 and the pan 13, 

As with the arrangement shown in Figures 1 to 3, 
10 it has been found by the applicant in research work that 

the use of the reinforcing conponent 19 as shown in Figures 
4 and 5, in conjunction with other structural components 
which form the shear connection, substantially prevented 
longitudinal shear failure of composite beams. 

15 Many modifications may be made to the preferred 

embodiment of the composite beam of the present invention 
without departing from the spirit land scope of the present 
invention. 

By way of example, whilst the preferred 
20 embodimient described in relation to Figures 1 and 3 

comprises a beam 5 and a profiled sheeting ? formed from 
steel, it can readily be appreciated that the present 
invention is not so limited and extends to beams 5 and 
profiled slab soffits formed from any suitable material* 
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CZAXMS: 

1* A oonqposite bean coaprisinff: 

(a) a beam; 

(b) a oooc>o8ite slab positioned on the beam, 
5 the composite slab comprising: 

(i) profiled sheeting having a plurality 
of pans separated by ribs, the 
profiled sheeting being positioned 
so that the ribs extend transversely 

10 to the longitudinal axis of the 

beamf 

(ii) concrete cast on the profiled 
sheeting; 

(c) a plurality of shear connectors vhich 

3>5 connect the oonqposite slab to the beam; and 

(d) a reinforcing conponent embedded in the 
concrete slab, the reinforcing conponent 
having a reinforcing element that extends 
through an imaginary horizontal plane that 

^0 passes through the tops of the ribs of the 

profiled sheeting to prevent premature 
longitudinal shear failure of the coaq^site 
beam. 

2. The cosiposite beam defined in claim 1 
25 herein the beam ie a steel beam. 



3» The composite beam defined in claim 1 or 
claim 2 wherein the profiled sheeting is profiled steel 
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Sheeting. 

4. Vha oomppslte beam defined In axv one of 
tbe preceding clalias vrhereln the beam la supported at each 
end. 

5 S. The composite beam defined In any one of 

the preceding claims wherein the beam la an Internal beam, 

6. The composite beam defined In any one of 
claims 1 to 4 wherein the beam Is a perimeter beam, 

7 • The composite beam defined In any one of 
10 the preceding claims further comprises a mesh reinforcement 
embedded In the concrete of the cOTposlte slab. 

8, The coiflposite slab defined In any one of 
the preceding claims wherein the shear connectors are 
headed studs. 

^5 9. The coaqposlte beam defined in any one of 

the preceding claims herein the reinforcing component 
comprises welded wire fabric having a series of folds with 
peaks straddling the ribs and troughs contacting the pans. 



20 



10. The composite beam defined in claim 9 
wherein the reinforcing element comprises the sections of 
the longitudinal wires or the cross-wires of the welded 
wire fabric that extend between the peaks and the troughs. 

11. The composite beam defined in any one of 
claims 1 to 9 wherein the reinforcing coii«>onent compriBBB a 

25 cage ^Ich at least partially encloses one or a group of 
the shear connectors In a pan. 



12. The composite beam defined in claim 11 
wherein the reinforcing element comprises the upright 
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sections of the cage* 

13, The conposlte beam defined In claim 12 
herein the cage is formed from deformed reinforcing bars, 

14, Xbe composite beam defined in claim 12 
5 ^4herein the cage is formed from welded wire fabric. 
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